The purpose of this systematic review and meta-analysis was to assess the prevalence, incidence and risk factors of peri-implantitis in the current literature. An electronic search was performed to identify publications from January 1980 until March 2016 on 9 databases. The prevalence and incidence of peri-implantitis were assessed in different subgroups of patients and the prevalences were adjusted for sample size (SSA) of studies. For 12 of 111 identified putative risk factors and risk indicators, forest plots were created. Heterogeneity analysis and random effect meta-analysis were performed for selected potential risk factors of peri-implantitis. The search retrieved 8357 potentially relevant studies. Fifty-seven studies were included in the systematic review. Overall, the prevalence of peri-implantitis on implant level ranged from 1.1% to 85.0% and the incidence from 0.4% within 3 years, to 43.9% within 5 years, respectively. The median prevalence of peri-implantitis was 9.0% (SSA 10.9%) for regular participants of a prophylaxis program, 18.8% (SSA 8.8%) for patients without regular preventive maintenance, 11.0% (SSA 7.4%) for non-smokers, 7.0% (SSA 7.0%) among patients representing the general population, 9.6% (SSA 9.6%) for patients provided with fixed partial dentures, 14.3% (SSA 9.8%) for subjects with a history of periodontitis, 26.0% (SSA 28.8%) for patients with implant function time ≥5 years and 21.2% (SSA 38.4%) for ≥10 years. On a medium and medium-high level of evidence, smoking (effect summary OR 1.7, 95% CI 1.25-2.3), diabetes mellitus (effect summary OR 2.5; 95% CI 1.4-4.5), lack of prophylaxis and history or presence of periodontitis were identified as risk factors of peri-implantitis. There is mediumhigh evidence that patient's age (effect summary OR 1.0, 95% CI 0.87-1.16), gender and maxillary implants are not related to peri-implantitis. Currently, there is no convincing or low evidence available that identifies osteoporosis, absence of keratinized mucosa, implant surface characteristics or edentulism as risk factors for periimplantitis. Based on the data analyzed in this systematic review, insufficient highquality evidence is available to the research question. Future studies of prospective, randomized and controlled type including sufficient sample sizes are needed. The application of consistent diagnostic criteria (eg, according to the latest definition by the European Workshop on Periodontology) is particularly important. Very few
| INTRODUC TI ON
Implants are used in different medical disciplines to replace lost tissues and function. The introduction of dental implants to replace missing teeth initiated a revolution in modern dentistry in the 1980s. 1 Nowadays, osseointegrated dental implants have found wide acceptance in prosthetic rehabilitation. As the global number of dental implants increases, complications and failures of dental implants are considered a major and growing problem. 2, 3 Dental implants perforate the mucosa and are continually exposed to oral microflora. Oral bacteria colonize dental implant surfaces and may form pathogenic biofilms. 4 Even though the infectious nature of peri-implant diseases is well accepted, their etiology is multifactorial and some patients seem to be at higher risk than others are. 5 Various systemic or local circumstances may negatively affect the predictability of dental implants, leading to peri-implant inflammation, bone resorption and, ultimately, implant loss. 6 Peri-implant disease at functional osseointegrated implants comprises 2 pathologies of infectious nature: peri-implant mucositis, affecting the peri-implant soft tissues, and peri-implantitis, 7 which is accompanied by an additional loss of peri-implant bone. 8 Clinical diagnostic parameters for peri-implant mucositis are signs of mucosal inflammation such as bleeding on probing (BOP), redness and edema, whereas peri-implantitis is accompanied by an additional loss of peri-implant bone. 8 Considering that treatment of peri-implantitis is restrained, 9 challenging and costly, preventive maintenance seems to be one of the key factors to reduce its incidence and thus increase implant success rates.
Current studies have verified single risk factors of periimplantitis, but there still is a need for systematic reviews gathering this information. This is because peri-implantitis is still a quite young clinical picture and studies examining it applied varying disease definitions.
The purpose of this systematic review and meta-analysis was to analyze the current clinical data on prevalence and incidence of periimplantitis. Furthermore, our objective was first to identify putative risk factors and subsequently determine their level of evidence aiming to point out open research questions.
| Focused question
What are the prevalence and incidence rates of peri-implantitis on implant level? What are putative risk factors for peri-implantitis?
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| Eligibility criteria
The following inclusion criteria were applied: published randomized controlled trials and non-randomized studies, including observational studies; studies in humans; no age limits were set. No limits were set on sample size or age; all papers that reported age-and/ or sex-specific prevalence and/or incidence rates of dental implants were eligible for a more detailed review. Only studies in the English language were included. The exclusion criteria included: non-human studies, prevalence surveys without control/reference group, case studies, reviews, systematic reviews and a quality assessment score according to the STROBE checklist of <55%. 12 We included studies that reported on the following outcomes:
prevalence and incidence of peri-implant infections, risk factors and, in case of cross-sectional study design, risk indicators.
Prevalence and incidence rates reported in the studies were only incorporated into the review if data were reported on an implant level. Additionally, the disease definition for peri-implantitis had to fulfill the following predefined criteria: peri-implantitis was designated to implants with an incidence of BOP and either peri-implant PPD ≥5 mm or radiographic proven signs of bone loss or both, because "in peri-implantitis, the mucosal lesion is often associated with suppuration and deepened pockets, but always accompanied by loss of supporting marginal bone." 13 We defined patient populations as "the general population" if no specific confounders were stated in the inclusion and exclusion criteria of the single studies.
| Data extraction
The following data were extracted: citation (author/year), publication type, study design, participant, indicator/exposure, comparator, aim/study objectives, study duration, duration of participation, population description, matching criteria, total number of participants at start of study, missing/dropouts, method of recruitment, age, gender, race/ethnicity, method of follow-up, subgroups measured, subgroups reported, oral/dental status reported, co-morbidities, type of implant, implant location, timing of implant placement, disease definition, measurements, risk factors and risk indicators of periimplantitis, outcome, unit of measurement, statistical analysis and conclusions of the study author(s).
| Study selection and screening process
Three authors reviewed all abstracts (AS, CT, HD) identified in the search and excluded those that were in violation of the inclusion criteria. Studies that were eligible were included for full text review.
Disagreements on the studies' eligibility were resolved by consulting a fourth author (JE or JG). Two reviewers extracted the data independently from full texts in an electronic data abstraction form using
Microsoft Excel 2010 (HD, CT).
If relevant data were missing, the study authors were contacted with a request for additional information.
| Quality of reporting assessment
To assess the quality of reporting, the STROBE checklist 12 was applied.
The items on the checklist (Table S3) were assessed for each of the included articles as: (i) present; (ii) not present; or (iii) not applicable. Total adherence was expressed as the percentage of items present.
| Statistical analysis

| Prevalence and incidence of peri-implantitis
The prevalence and incidence rates of peri-implantitis were extracted from the eligible publications and comparable patient groups were pooled across studies. Medians and first and third quartiles of the reported rates were calculated. Additionally, a simple sample size adjustment was performed by weighting the reported rates with the respective study sample sizes. The results were used for the calculation of sample size adjusted (SSA) quartiles. Boxplots were used for visualization and comparison of these results. Microsoft Excel 2010 was used to manage the data, perform the calculations and create the boxplots.
| Risk factors and risk indicators of periimplantitis
Research results regarding the potential risk factors of peri-implantitis were recorded as reported in the articles (Table S7) . Data were visualized using forest plots with odds ratios (OR) and their 95% confidence intervals (CI) for those factors and indicators, which were reported at least in 2 publications. If at least 4 different studies reported the same risk factor or risk indicator, a heterogeneity analysis was performed using Cochran's Q-test. Owing to missing group sizes in some publications, the standard errors for the potential risk factors were estimated from the reported CIs to allow the calculation of heterogeneity statistics and effect measures. P < .05 was considered statistically significant. When the statistical heterogeneity analysis showed no significant heterogeneity, a meta-analysis using the random effects model was conducted to calculate the summary effect measures and their 95%
CIs. Neither the calculation of effect summaries nor the heterogeneity analysis were performed for those factors reported in less than 4 studies. The statistical software R 14 extended by package "metafor" for meta-analysis 15, 16 was used to perform the meta-analysis.
| RE SULTS
| Search and selection results
The literature research revealed a total of 8357 potentially relevant records selected based on titles or abstracts ( Figure 1 ).
A total of 8273 studies were excluded by screening titles and abstracts and 3 studies were duplicates. Another 24 studies were excluded after full text analysis. Seventy-two studies were excluded due to an ineligible study design, 4 articles were not written in the English language, 27 studies did not present a suitable case definition, 36 studies did not report any data on peri-implantitis on the implant level and another 3 could not be procured ( Figure 1 , Table S4 ). Finally, 57 studies were included in the review. Forty studies included clinical data on prevalence and incidence rates of periimplantitis and 45 on risk factors or risk indicators.
| Quality of reporting
Quality of reporting was assessed according to the STROBE checklist (Table S5 ). The adherence to the STROBE criteria varied between 55% and 87%.
| Description of included studies
Of 57 studies included in the present review, 31 reported a prevalence of peri-implantitis only, whereas 7 studies reported an incidence rate only. Two studies reported a prevalence as well as an incidence rate. Forty-four studies reported potential risk factors or risk indicators. Sixteen of these reported on risk factors and risk indicators only, 21 additionally reported a prevalence, 6 an incidence rate and 1 study reported on risk factors, risk indicators and presented a prevalence as well as an incidence rate. The present systematic review includes 32 cross-sectional studies, 10
case-control studies, 7 prospective cohort studies, 3 cohort studies, 2 cross-sectional retrospective studies, 1 randomized controlled trial, 1 non-randomized controlled trial and 1 retrospective cohort study.
The number of patients included in the studies ranged from 8 to 1350 subjects. As well as the number of patients, the definition of peri-implantitis varied. 
| Prevalence of peri-implant infections on the implant level
The reported prevalence ranged from 1.1% to 85.0% (Table S7) .
Among those patients who participated regularly in a prophylaxis program the median of reported prevalences was 9.0% (SSA 10.9%) compared to 18.8% (SSA 8.8%) among those without regular preventive maintenance care. The median of reported prevalences among nonsmokers was 11.0% (SSA 7.4%). Among patients representing the general population with no obvious risk factors, it was 7.0% (SSA 7.0%).
Patients with fixed partial dentures had a median prevalence of 9.6% (SSA 9.6%). Studies including patients with a history of periodontitis showed a median prevalence of 14.3% (SSA 9.8%).
For patients with implant function time ≥5 years the median of reported prevalences was 26.0% (SSA 28.8%), whereas for those with implant function time ≥10 years reported prevalence was 21.2% (SSA 38.4%) ( Table 1 ).
| Incidence rates of peri-implant infections on the implant level
The reported incidence rates varied from 0.4% within 3 years to 43.9% within 5 years (Table 2) . No comparable patient groups could be pooled because data on incidence rates of peri-implantitis were limited. No statistical analysis was feasible.
| Risk factors and risk indicators of periimplant infections
Forty-two studies evaluated a total of 111 different potential risk factors or risk indicators for peri-implantitis (Table S7 ). However, most BOP, bleeding on probing; FPD, fixed partial denture; GAgP, generalized aggressive periodontitis; GNTP, group without preventive maintenance; GTP, group with preventive maintenance; NA, not applicable; NRP, no residual periodontitis; PCP, periodontally compromised patients; PPD, probing pocket depth; RP, residual periodontitis.
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TA B L E 2 Incidence of peri-implantitis
Reported incidence rates Report ID 12.00%
15.40%
28.60%
5.80%
Characteristics of patients • GTP group: with preventive maintenance; at least 5 visits to the dentist during evaluation period • GNTP group: no visits at the dentist but emergency treatment in 5 individuals (dental extraction and/or explantation)
• Exclusion: smokers and former smokers within past 3 y, overdentures, systemic diseases, periodontal/peri-implant treatment within past TA B L E 1 (Continued) studies did not report OR including CI, and results were limited to Pvalues (Table S6 ). For the following 12 potential risk factors forest plots were created: "patients' age," "male gender," "presence of periodontitis," "history of periodontitis," "lack of prophylaxis," "smoking," "diabetes mellitus," "presence of keratinized mucosa," "edentulism," "rough implant topography," "maxillary implants" and "osteoporosis" (Figure 2 , Table 3 ).
| Patients' age
Eight studies were included in the meta-analysis investigating the influence of patients' age on the occurrence of peri-implantitis. [17] [18] [19] [20] [21] [22] [23] [24] Age was not identified as a risk factor for peri-implantitis for patients, nor as being protective for peri-implantitis (effect summary OR 1.0, 95% CI 0.87-1.16). 
| Male gender
Regarding the association between male gender and peri-implantitis, 
| Presence of periodontitis
Eleven studies evaluating the presence of periodontitis as a risk factor for peri-implantitis were identified. 2, [17] [18] [19] [20] 22, 23, [26] [27] [28] [29] The heterogeneity of studies included was high (Cochran's Q-test P-value .002).
For this reason, no effect summary was calculated. Nevertheless, the forest plot showed a strong tendency favoring patients with periodontitis as more susceptible to peri-implantitis ( Figure 2 , Table 3 ).
| History of periodontitis
Six studies evaluating the history of periodontitis as a risk factor for peri-implantitis were identified. 22, 25, [30] [31] [32] [33] Because of the high heterogeneity of studies included (Cochran's Q-test P-value 0) a no effect summary was calculated. Nevertheless, a strong tendency favoring patients previously suffering from periodontitis as being more susceptible to peri-implantitis (Figure 2 ) was found.
| Lack of prophylaxis
The results of the Cochran Q-test indicated a statistically significant heterogeneity (P-value .0001). Even though the no effect summary could be calculated, the forest plot showed a tendency towards an increased risk for lack of prophylaxis. Definitions of the risk factor "lack of prophylaxis" varied between the 9 included studies 17, 19, 20, 22, [24] [25] [26] 34, 35 ( Figure 2 , Table 3 ).
| Smoking
Eight studies were involved in the meta-analysis dealing with the possible risk factor smoking. 17, 19, 22, 24, 30, 34, 35 Random effects metaanalysis identified a statistically significant association between smoking and peri-implantitis (effect summary OR 1.7, 95% CI 1.25-2.3) (Figure 2 , Table 3 ).
| Diabetes mellitus
Five studies analyzing the role of diabetes mellitus as a potential risk factor for peri-implantitis were identified. [18] [19] [20] 22, 29 The present meta-analysis identified a positive association between diabetes mellitus and peri-implantitis. The patients with diabetes mellitus were 2 times more likely to have peri-implantitis compared to those without diabetes mellitus (effect summary OR 2.5, 95% CI 1.4-4.5).
| Presence of keratinized mucosa at the implant site
Three studies reported on the influence of keratinized mucosa on peri-implant health. 25 
| Edentulism
Two studies dealing with edentulism as a potential risk factor for peri-implantitis were identified. 22 Marrone et al (OR 5.567; 95% CI 
| Osteoporosis
None of the 3 studies included in the present study found a statistically significant association between osteoporosis and periimplantitis. 19, 29, 33 No heterogeneity analysis and meta-analysis were applicable.
| D ISCUSS I ON
Ahead of every therapy, in particular elective interventions, it is essential to weigh the benefits and risks to ensure patients are consulted in an evidence-based way. This principle particularly applies to the insertion of dental implants. Consequently, diligent patient education on possible risk factors before implant therapy is imperative.
This systematic review aims to help the reader get an overview over the level of evidence of current literature on peri-implantitis prevalence, incidence and risk factors. We therefore identified available systematic reviews and meta-analyses as well as other studies that could have been included in our review but have been published after March 2016 and compared their results to those of the present systematic review.
| Prevalence of peri-implantitis
The identified cross-sectional studies reporting a prevalence of peri-implantitis at the implant level showed the heterogeneous composition of study populations. Therefore, the present systematic review investigated the prevalence of peri-implantitis within certain patient subgroups. Data from cohort and case-control studies were included in the analysis as well to improve the data situation for the single subgroups. Atieh et al 36 reported in a systematic review and meta-analysis a prevalence of peri-implantitis of 18.8% (95% CI 16.8%-20.8%) at the patient level and 9.6% (95% CI 8.8%-10.4%) at the implant level, which is consistent with the results of the present systematic review regarding the prevalence of peri-implantitis in the general population. Furthermore, they reported a high heterogeneity among the study estimates.
In patients with a history of periodontitis, they found a higher prevalence of peri-implantitis of 21.1% (95% CI 14.5%-27.8%) at the patient level. 36 A similar increase was found in the present systematic review comparing the non-SSA values for the prevalence of peri-implantitis in the general population (9.6%) and in patients with a history of periodontitis (14.3%). However, after sample size adjustment this increase is not detectable any more (9.6% and 9.8%). Derks and Tomasi performed a meta-analysis of prevalences of peri-implant diseases reported in cross-sectional studies only. They reported weighted mean values of 21.7% (95% CI 14%-30%) for peri-implantitis at the patient level. 36 Furthermore, they discovered a statistically relevant relationship between the prevalence of peri-implantitis and mean function time. 37 The increase between SSA median prevalence with implant function time ≥5 years and ≥10 years in the present systematic review confirms this association.
| Incidence of peri-implantitis
The scarce data on incidence rates impeded a meaningful statistical analysis.
| Risk factors and risk indicators of periimplantitis
| Patients' age
A retrospective cohort study recently published by Poli et al indicated that patients' age ≥65 years is significantly associated with peri-implantitis, as elderly patients often have chronic systemic diseases. 38 In contrast, analyzing the studies identified in the current systematic review did not confirm patients' age as a risk factor for periimplantitis. Although the level of evidence is estimated as high as data from a prospective cohort study, a case-control study and 6
cross-sectional studies were available (Table 3) , the presented results may be biased and need to be examined critically. This is because most studies dichotomized patient age at different threshold values or did not even specify the applied categorization ( Figure 2 , Table 3 ).
| Gender
While Ferreira et al found that males were at higher risk of peri-implantitis (OR 2.7; 95% CI 2.1-6.3), 20 Koldsland et al 25 
| Presence of periodontitis
| History of periodontitis
Stacchi et al analyzed the effect of history of periodontitis on the incidence of peri-implantitis. At the implant level they found a significantly higher risk of developing peri-implantitis in patients with a history of periodontitis compared with periodontally healthy subjects (OR 0.23; 95% CI 0.11-0.46). 6 Because of the heterogeneity of study results, the present systematic review could not confirm this through meta-analysis, even though the same tendency was observed. The inconsistent results of the 2 reviews may be explained by the different inclusion criteria that were applied. In contrast to this systematic review, Stacchi et al accepted prospective studies reporting the incidence of peri-implantitis only. Consequently, as there already is a systematic review identifying the history of periodontitis as a risk factor for peri-implantitis and the present systematic review (including medium and low evidence studies too) found the same tendency, the level of evidence can be assumed as high for this risk factor (Table 3 ).
| Lack of prophylaxis
A recently published study by Poli et al 38 stated that patients were at higher risk for peri-implantitis when >6 months relapsed per recall appointment, which means irregular follow-up examinations including prophylaxis measures when needed (OR 4.69; 95% CI 1. 17-18.79) . This is consistent with our results. The evidence level of the present systematic review has to be estimated medium because only cross-sectional data were available for inclusion and the significant heterogeneity of results prevented a meta-analysis (Table 3 ).
| Smoking
Stacchi et al and Turri et al analyzed the role of smoking and found insufficient or conflicting data in the literature. 6, 39 Both studies did not define the risk factor "smoking" in the inclusion criteria in detail. The results of our meta-analysis verify tobacco consumption as a risk factor of peri-implantitis. Heterogeneity of study results was estimated low and the effect summary showed a 2-fold higher risk for smokers to develop a peri-implantitis (OR 2.0; 95% CI 1.6-2.4) at a medium level of evidence, as only cross-sectional data were included (Table 3 ).
| Diabetes mellitus
The results of this systematic review identified diabetes mellitus as a risk factor of peri-implantitis at a medium level of evidence, as only 83 BOP, bleeding on probing; PPD, probing pocket depth.
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cross-sectional data were included ( 
| Disease definitions
The varying definitions used for peri-implantitis impede the interpretation and comparison of prevalence, incidence rates and risk factors reported in the various studies included in this review. A meta-analysis of incidence rates and numerous possible risk factors was not reasonable due to heterogeneity and lacking a number of comparable studies. Dental research needs to establish a consistent definition of peri-implantitis to draw meaningful conclusions about risk factors, prevalence and incidence of the disease. More studies should be conducted to elucidate further the association between the identified risk factors and peri-implantitis.
Studies included in the present systematic review applied varying disease definitions for peri-implantitis. Diseased implants often present with deepened pockets and suppuration, but always present with loss of supporting marginal bone. 13 Hence, the eligible disease definition included the following parameters: incidence of BOP and either peri-implant PPD ≥5 mm or radiographic proven signs of bone loss or both. The large number of disease definitions in the included studies may be one reason for the heterogeneity of the results.
We recorded 34 different definitions for "peri-implantitis;" however, all study authors used a combination of 3 important diagnostic criteria to describe peri-implant pathology (Table 4) .
BOP is a common indicator of an inflammatory lesion in the surrounding tissues of natural teeth 41 and has been suggested as a diagnostic measure for peri-implant health. 42 A study published by Swierkot et al 23 is the only study in our review that did not apply this diagnostic criterion. They defined peri-implantitis as PPD >5 mm with or without BOP and annual bone loss of >0.2 mm.
Another diagnostic parameter included in most of the disease definitions is the peri-implant PPD as a measurement for the recording of loss of attachment and supporting bone.
The third diagnostic parameter for peri-implantitis is the loss of peri-implant bone. Two studies included in the present systematic review did not include any threshold of marginal bone loss in their definition for peri-implantitis.
3,43
| Limitations of the review and open research questions
This systematic review shows several limitations as it was not feasible to perform an overall meta-analysis of the prevalence of periimplantitis. Furthermore, the scarce data on incidence rates impeded a meaningful statistical analysis. The literature on peri-implantitis is lacking long-term incidence rates. Further research, particularly comparing subgroups with a control group is needed. Further limitations of the present review are the language bias, as only studies in English were accepted for review and the exclusion of the gray literature.
For the putative risk factors "presence of keratinized mucosa,"
"edentulism," "rough implant topography," "maxillary implants" and "osteoporosis," further studies with prospective study design and sufficient sample size including a control group are needed to carry out a meta-analysis. Cross-sectional data can be taken into account for putative risk factors that cannot be examined in longitudinal studies due to ethical reasons. To reduce the heterogeneity of data on the "presence of periodontitis," "history of periodontitis," "lack of prophylaxis," periodontal diagnostic measures and disease definitions need to be more consistent.
For another 99 putative risk factors (see Appendix S1: Table S6) the data situation did not allow a meta-analysis and future research is necessary.
| CON CLUS ION
The median prevalence of peri-implantitis calculated in the present review indicates that dental implants are a successful treatment option for prosthetic rehabilitation in the general population (7.0%; SSA 7.0%). On a medium and medium-high level of evidence, smoking (effect summary OR 1.7, 95% CI 1.25-2. be present. 36, 44 Very few studies evaluated the incidence of periimplantitis although it could be the best study design to examine potential risk factors of the disease.
